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O [cartxvcylate] hexaminium iodide of Formula 
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Description 

[0001] The present invention is concerned wfth a new process and new intermediates for preparing 3-[ethyl]-5- 
rmetiiyl]-2-[2Haminoethoxy)-methyO-4-l2"-(chloro)-phenyl]-6-[methyO-1.4Kli4iiydro]-pyridm ben- 
5 zenesulfonic acid salt This coirpound is a ioiown pharmaceuticaliy active ingredient having the INN amiodpne 

[00021 Amiodipine besylate is a calcium antagonist of the dihydropyridine<jicaiboxylate type and possesses valuable 
strong iong-iasting Wood pressure decreasing and antianginal properties. 

[0003] According to the known processes the dihydropyridine structure of amiodipine is built up by means of the 
10 Hantzsch synthesis suggested by the Prior Art for reactions of this type. The main feature of the process disclosed in 
EP 89 167 and HU 186,868 is that the primary amino group is formed in the last step of the synthesis either by removing 
the protecting group from a protected amino group or by reducing the corresponding azlde. The protected amino group 
or the aado group is introduced into the molecule by incorporating into the aceloacetate component of the Hantzsch 
8vntli6sis 

f 5 [00041 According to the first process mentioned above in the Hantzsch synthesis a 4-I2'-{amino)-ethoxyl-acetoacetic 
ester bearing a protected amino group. 2.[chloro]-benzaldehyde and an amino ctotonic add ester were reacted or in a 
variant of said process a 4-[2'-(amino)-ethoxyl-acetoacetic ester was condensed first with a 2-(chlorohbenzaldehyde 
and the "ylidine" derivative thus obtained was reacted with an amino crotonic acid ester. Amiodipine was prepared by 
removing the protecting group from the dihydropyridine derivative containing a protected primary amino group obtained 

•,20 in the Hantzsch synthesis. ^ ^- a m' 

[0005] According to the Other process refenred to Hantzsch synthesis It was performed by reacting a 4-[2-(azido)- 

ethoxyl-acetoacetic acid ester. 2-chloro-benzaldehyde and amino crotonic add ester. The primary amino group of 
amiodipine was fonned by reducing the azido group. . . . \. . ^ , ^ 

[00061 In the EP 89.167 cited above pharmaceuticaliy acceptable acid addition salts of amiodipine were disclosed. 
2S Said salts were prepared from amiodipine by salt formation. Among the salts the maleate has been described as the 

most advantageous one. . ^ . ^. , . /.u • w 

[0007] The disadvantage of the above processes is the relatively low yield of the mdividual reaction steps (the yield 
of the Hantzsch synthesis has not been even disclosed). It is known furtheron that the azide is explosive (see citation 
C.A. IflS. 1 1 321t relating to the relevant azido compound). 

30 [0008] In DE 3,71 0.457 the benzenesulfonic acid salt of amiodipine and a process for prepanng it have been dis- 
closed According to this patent said salt exhibits numerous advantages over other known salts of amiodipine. particu- 
larly in the incorporation of the salt into pharmaceutical compositions. Amiodipine besylate.was prepared by reacting 
amiodipine base with a solution of benzenesulfonic acid or the ammonium salt thereof fonned with an inert solvent and 
isolating the amiodipine besylate thus obtained from the reaction mixture. 

35 [00091 In EP 599.220 a further process for preparing amiodipine besylate has been disclosed. An amiodipine deriv- 
ative containing a trityl protective group on the primary amino groip was prepared by using the conventional Hantzsch 
synthesis. The protecting trityl group was removed by hydrolysis carried out in the presence of benzenesulfonic aad. 
Thus amiodipine besylate is obtained without isolating the amiodipine base. The signif icant dravi*ack of this process 
resides in the tow yield. It Is a further important disadvantage that pure end-product can only be obtained vnth the aid 

• 40 of extremely complicated measures. The overall yield is only 7%, related to 2-[chloro]-benzaldehyda 
[001 01 The problem underlying to the invention is to provide for a new process and new intermediates for prepanng 
3-[ethyQ-5-ImethyO-2-l24aminoethoxy)-methyn-4-I2Mchtoro)-phenyn-6-[methyq-l.4KJi-[hydro]-pyridine-3.5-di-[carb^ 

Viatel benzenesulfonic acid salt [amiodipine besylate} by virhich by overcoming the above disadvantages of the known 
processes this conpound can be obtained with high yields and in a simple way and with elimination of the isolation of 

4s amiodipine t>ase. 

[00111 Surprisingly this has been achieved by the present invention. 

[0012] A subject matter of the invention is a process for preparing 3-lethyIl-5-[methyl]-2-[2'-(aminoethoxy)-methyll-4- 
[2"-(chloro)-phenyll-6-[methyll-1 .4-di-[hydro]-pyridlne-3.5<ll-Icaiboxyiat8l benzenesulfonic add salt of Formula 

so 



55 
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including its optically active isomers, which is characterized t>y 



ai) reacting 3-[ethyO-5-[methyO-2^2Hyl)-ethoxy-nriethyO-442*Xchloro)^^^ 
3.5-di-[carboxylate]-hexaminium iodide of Formula 




with benzenesulfonic acid off Formula 




or 

ag) reacting 3-tethyO-5-[methyO-2^2Xiodo)-ethoxy-methyQ-4-I2'HchIw^^ 
ine-3,5-dKcart)Qxylate] of Fbrrrula 



EP0902016A1 



H^OOC 




zx 



with hexamethytene tetramine of Formula 



X 



and reacUng the 3.[ethyq-5HmethyO-2H2'Kyl)-ethoxy-methyl]-4-I2Mchloro)-phenyll^^^ 
ine-3.5-dKca*oxylatehhexaininlum Iodide of Fbrmula XI thus obtained with benzenesulfonic add of Formula XII: 



or 



aa) exchanging in 3-[ethyO-5-[methyO-2^2XcWoro)-ethoxy^nethyq-4^2Mchloro)-phenyl^ 
pyridine-3.5<ll-[caibo)9late] of Fbrmula 



VllI 



H3COOC 




the chlorine for iodine, reacting the 3-[ethyO-5-[methyO-2-[?'-(k)do)-elhQxy-methylI-442"-{cNoro)-phenyll-6- 
fmethyn.1.4-di-[hydro]-pyridine^.&<li-[caiboxylate] of Formula IX thus obtained wHh hexamethylene tetramine of 
Formula X and reacting the 3-Iethyq'5-[methyO-2^2HyO-ethoxy-methyl]-4H2Mchloro)iJhenyO-6Hmett^^ 
[hydrol:Pyridine^.5<JKcaiboxylale]-hexamlnlum Iodide of Formula XI thus obtained wHh benzenesuHonic aod of 
Formula Xll; 

a4) rearfng ethyl-4-t2Xchloro)-ethoxy]-2K2Mchloro)*enzylidene]-acetoacetateof Forriw^ 
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VI 



with met>iyt-3-(am!no)-c(Dtonate of Fdrmula 



H3C 




VII 



,COOCHj 



exchanging in the 3-[ethyl]-5^methyl]•2^2Xchloro)-ethoxy•methy^]-4^2Mch!orD)-pheny!]•6^methyO-1^ 
pyridine-3.5-di-[cartx3xylatel of Formula VIII thus obtained the chlorine for iodine, reacting the 3-[ethyl]-5-Imethyl]- 
2-[2Hiodo)-ethoxy-methyl]-4-[2Mchloro)-pheny!]-6-[methyn-1.4<fi-[hydro]-pyridine^ 

IX thus obtained with hexamethylene tetramine of Formula X and reacting the 3-[ethyIl-5-[methyl]-2-[2'-(yO-ethoxy- 
methyO-4-P"-(chloro)-phenyll< ^inethyl]-1.4<li-thydroli>yridine-3.5<D^carlxjxylate]-hexaminium iodide of Fdr- 
mula XI thus obtained with benzenesuHonic add of Formula XII; 
or 

as) reacb'ng ethyl-4-[2'-(chloro)-ethoi)v]-acetoac8tate of Formula 




IV 



CCXX2H5 



with 2-(chtoro)-benzaldehyde of Formula 




V , 



reacting the elhyl-4-l2'-{chloro)-ethoxy]-2-I2--(chloro)-benzylidene]-acetoacelate of Fbmiula VI thus obtained with 
methyl-3-(amino)-crotonate of Formula VII. exchanging in the 3-tethyl]-5-[me1hyl]-2H2'-(chloro)-ethoxy-methyl]-4- 
12" .<cWoro)-phenyO-6-[methyl]-1.4-di-Ihydro]-pyridine-3.5-dl-Icaiboxylate] of Formula VIII thus obtained the Oio- 
rine for iodine reacting the 3-IethyO-5-[methyn-2-[2'<iodo)-ethoxy-methyl]-4-[2"-(chloro)-phenyl]-6-[methyl]-1.4-di- 
[hydro]-pyridine-3.5<li-Icaiboxylatel of Formula X thus obtained with hexamethylene tetramine of Formula X and 
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reacting the 3-[ethyO-5-[methyO-2-[2'-(yl)-ethoxy-methyQ-4^2"-{chloro)-phenyll-6-[melh^ 
3,5<li-[carbQxylate]-hexaminium icxlide of Formula XI thus obtained with benzenesulfbnic acid of Formula XII; 
or 

ag) reacting ethyl-4-(bromo)-acetoacetate of Formula 



reacting the ethyl-4-[2'-(chloro)-ethoxy]-acetoacetate of Formula IV thus obtained with 2-(chloro)-benzaldehyde of 
Formula V, reacting the ethyl-4-[2 -(chloro)-ethQxy]-2-P"-(chloro)-ben2ylidene]-acetoacetate of Formula VI thus 
obtained with methyl-3-(amino)-crotonale of Formula VII, exchanging in the 3-[ethyO-5-[methyl]-2-[2'-{ch!oro)- 
ethoxy-methyn-4-[2"-(chloro)-phenyl]-6-[methyI]-1,4-di-[hydro]-pyridine-3,^ of Formula VIII thus 

obtained the chlorine for iodine, reacting the 3-imhyl]-5-[methyl]-2-[2*-0odo)-ethoxy-methya-4-[2"-(chloro)-phenyl]- 
6-[m6thyl]-1 .4-di-[hydro]-pyridine-3.5-dh[carbo)cylate] of Formula IX thus obtained with hexamethytene tetramine of 
Formula X and reacting the 3-[ethyl]-5-[methyQ-2-[2'-(yO-ethoxy-metfiyO-4-[2"Kchloro)-phenyO-6-[methyO-1^ 
[hydro]-pyridine-3.5-di-[carboxylate]-hexaminium iodide of Formula XI thus obtained with benzenesulfonic add of 
Formula XII; 



ay) exchanging in the ethyl-4-[2'-(chloro)-ethoxy]-acetoacetate of Formula IV the chlorine for iodine, reacting the 
ethyl-4-[2*-(iodo)-ethoxy]-ac6toacetate of Fomiula 




II 



with ethylene chlorohydrine of Formula 



III 




or 



o 




C00C2H5 



XIII 



thus obtained with 2-(chloro)-benzaldehyde of i=briTiula V, reacting the ethyl-4-[2'-(iock>)-ethoxy]-2-[2"-(chloro)-ben- 
zylidene]-ac6toacetate of Fbrnrula 
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CI 




XIV 



thus obtained with methyl-3-{amino)-crotonate of Fbrmula VII. reacting the 3-Iethyl]-5-[methyO-2-[2'-OocJo)-ethoxy- 
methyO-4-[2"-(chloro)-phenyli-6-[methyO-1.4KJi-Ihydro]i)yrldine-3,5<ji-[^ of Formula IX thus obtained 

with hexamethylene tetramine of Formula X and reacting the 3-[ethyl]-5-[methyn-2-[2'-(yl)"ethoxy-methyl]-4-[2"- 
(chtoro)-phenyi]-6-[methyl]-1.4KJi-[hydrol-pyrldine-3,5KJi4carboxylate]4^ iodide of Formula XI thus 

obtained with benzenesulfbnic acid of Formula XII. 

in variants as) and ag) alternatively reacting the ethyl-4-[2*-(chloro)-etho)cy]-acetoacetate of Fbrmula IV wHh the 2- 
(chloro)-ben2aldehyde of Formula V and the methy!-3-(amino)-crotonate of Formula VII to the 3-[ethyll-5-[methyl]-2-[2'- 
(chIoro)-ethoxy-methyO-4-[2"-(chIoro)-phenyQ-6-[methyn-1,4KJi-thydro^ of Formula VIII 

without isolating the ethyl-4-[2'-(chloro)-ethoxy]-2-[2''-(ch!oro)-ben2yridenel -acetoacetate of Formula VI, 
optionally separating optically active isomers in a manner known per se from the 3-[ethyI]-5-Imethyl]-2-[2*-(ami- 
noethoxy)-methyll- - 4-[2Mchloro)iJhenyQ-6-ImetM-1.4<Ji-IhydrohjyrW benzenesulfonic acid 

salt of Formula I. the 3-[ethy^-5-[methy^-2^24chIoro)-ethoxy-methyO-4^2^(chloro)-phenyl]-6^methyq^ 
pyridine-3.5^i-lcart)Ox/late] of Formula VIII. the 3-Iethyl]-5-[methy!]-2-I2*-Codo)-ethoxy-methyi]-4-I2"-(chloro)-phenyl]- 
6-[methyll-1,4-di-[hydro]-pyridine-3,5-di-[cafboxylate] of Formula IX or the 3-Iethyl]-5-ImethyO-2-[2'-(yl)-ethoxy-methyl]- 
4-12"-(chloro)-phenyQ-6-[methyO-1.4KJi-[hydro]i)yridine-3.5<ii-[carbo^ iodide of Fbrmula XI thus 

obtained and further reacting the optically active isomers of the last three ones thus obtained. 
[GDI 3] The essential feature of the present Invention is that in the Hantzsch synthesis it is the jaenzylidene derivative 
ethyl-4-[2'-(chloro)-ethoxy]-2-[2"-{chIoro)-benzylidene]-acetoacetate of Formula VI prepared from ethyl-4-[2'-(chloro)- 
ethoxy]-acetoacetate of Formula IV and 2-(chloro)-benzaldehyde of Formula V which is reacted with the amino crotonic 
acid ester methyl-3-(amino)-crotonate of Formula VII whereby tiie new 2-(chloroelhaxy)-dihydropyridine derivative 3- 
Iethyi]-5-[methyl]-2-[2'-(chloro)-ethQxy-methyl]-4-t2"-(chloro)-phenyQ-6-[meth^^ 

late] of Formula VIII and after chlorine-^iodine exchange the new 2-0odoethoxy)-dihydropyridine derivative 3-[ethyl]-5- 

[methyO-2-[2*-(iodo)-ethoxy-methyl]-4^[2Mchloro)-phenyO-6-[^ 

mula IX are obtained with good yields. 

100141 The coirpounds 3.[ethyO-5^methyO-2^2Xchloro)-ethoxy-methyO-4•[2"-(chloro)-p 
[hydro]-pyridine-3,5-di-[carboxyiate] and 3-[ethyO-5-[methyl]-2-[24iodo)-ethoxy-methyQ-4-[2Mch!oro)^^ 
[methyO-1.4-dKhydro]-pyridine-3.5-di-[caitx>xylate] of Formulae VIII and IX. respectively, are new. not described in the 
Prior Art In this way 3^ethyl]-5-[methyl)-2•[2*-{aminoethQxy)-methy^-4-[2"-{chloro)-pheny^ 
pyridine-3.5<li-[carb<»cylate] benzenesulfonic acid salt {amiodipine besylate} is prepared by a new and very advanta- " 
geous metfiod by ammonolysis of the halogeno derivative 3-Iethyl]-5-[methyil-2-[2Xiodo)-elhoxy-methy!]-4-[2'*- 
(chloro)-phenyl]-6-[methyI]-1.4-di-[hydro]-pyridine-3,5-di-Icarboxylate] of Formula IX by means of the so-called Del- 
epine reaction. The halogen iodine is ultimately replaced by the amino group by using hexamethylene tetramine as 
ammonia source and converted into an Iodide anion. TTie urolropine salt 3^ethyO-5-Imethyl]-2•[2'-{yl)-ethoxy-methyl]-4- 
I2'Hchloro)i)henyl]-6-[methyq-1.4Kli-[hydrol-pyridine-3,5Kli-Icarboxylate]^ iodide of Fomnula XI formed is 

deconposed by using benzenesuHonic add whereby 3-[ethyn-5HmethyO-2-I24aniinoethQxy)-methyl]-4-[2*'-(chloro)- 
phenyq-6^methyO-1.4-d-Ihydro]i)yridine-3.5<li-Icarboxylate] benzenesulfbnic add salt {amiodipine besylate} of For- 
mula I Is directly Isolated from the reaction mixture. Also the latter process is new. not disdosed in the Prior Art 
[GDI SI According to the process of the present invention - contrary to methods described In the Prior Art • the primary 
amino group is not built up by introdudng it into the molecule as a part of the acetoacetic acid ester component in pro- 
tected form and subsequentiy removing the protecting group of the amino group but rather by a halogen-*amine 
exchange reaction earned out after the Hantzsch reaction peribrmed by using the corresponding halogeno compound. 
According to a characteristic essential element of the process of the present invention the latter reaction is carried out 
in a manner not disdosed in the Prior Art whereby in the reaction not amiodipine base but directly the desired besylate 
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[001 6] The reaction of the process of the present invention in which ethylene chlorohydrine [2-(chloro)-ethanol] of For- 
mula III is 0-alkylated with ethyl-4-(bromo)-acetoacetate of Formula II results In the new compound ethyl-4-[2*-(chloro)- 

45 ethoxy]-acetoacetate of Formula IV. The reaction can be carried out in a known manner. The reaction can be perfonned 
In an inert solvent, preferably 1 or more aliphatic and/or alicyclic ether(s), particularly tetrahydrofurane, at a temperature 
of about -10"C or below this temperature. Advantageously the hydrogen bromide formed is bound with a basic sub- 
stance, preferably with sodium hydride, which can be used In the form of an oily suspension or can be made previously 
free of paraff ine. The reaction mixture may be worked up in a known manner by decomposing with an acid, neutraiiza- 

50 tion and extraction. The pure product may be obtained by fractionated distillation jp vagUQt 

[001 7] As reaction product of the aldoi condensation of the chloroethoxy-acetoacetic add ester ethyl-4-[2'-(chioro)- 
ethoxy]-acetoacetate of Formula IV with 2-(chloro)-benzaldehyde of Formula V the V Wene" derivative ethyl-4-I2'- 
(chloro)-ethoxy]-2-(2"-(chloro)-benzylidenel-acetoacetate of Fomiula VI Is obtained. Preferably this reaction is carried 
out in the presence of piperidine acetate as catalyst, advantageously in a catalytic amount of the latter, whereby the 

55 ethyl-4-[2'-(chloro)-ethoxy]-2-[2"-(chloro)-benzylideneJ-acetoacetate of Formula VI is obtained in very high yield. The 
piperidine acetate catalyst is preferably used in a 0.01 to 0.1 molar amount, related to 1 mole of the ethyi-4-[2Hchloro)- 
ethoxyl-acetoacetate of Formula IV. As reaction medium advantageously 1 or more protic 6olvent(6) may be used, pref- 
erably 1 or more alkanol(s). particularly Isopropanol. Advantageously as reaction temperatures from lO^C to 60^C are 
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applied, one may preferably work at room temperature. The reaction time can be varied from 5 to 15 hours and prefer- 
ably lo'hours are chosen. The reaction mixture may be worked up by evaporating the solvent and washing with water. 
The crude product ethyl-4-[2'-(chloro)-ethoxy]-2-[2"-(chloro)-benzylidene]-acetoacetate of Formula VI thus obtained is 
generally suitable for further chemical transformation. 

[001 81 One may also proceed by subjecting the ethyl-4-[2Hchloro)-ethoxy]-2-[2"-(chlonD)-ben2ylideneJ-acetoacetate 
of Formula VI to further chemical reaction directly, without isolation, In the solvent used. 

[001 9] In the preparation of the 3-[ethyn-5-Imethyll-2-l24ch!oro)-ethaxy-melhyO-4-[2"-(chlo^^^ .4- 
di-[hydro]-pyridine-3.5-di-[carboxyiate] of l=6rmula VIII by Hantzsch synthesis the ethyl-4-[2'-(chloro)-ethoxy]-2-[2"- 
(chIoro)-ben2ylidene]-acetoacetate of Formula VI is reacted with methyl-3-(amino)-crotonate of Formula VI! one may 
advantageously proceed by heating to boiling the said reactants. Furthermore it is advantageous to carry out this reac- 
tion in an organic solvent Preferably the reaction of the ethyl-4-[2'-(chloro)ethpxy]-2-[2"-(chloro)-benzylidene]-acetoac- 
etate of Formula Vi with the methyl-3-(amino)-crotonate of Formula VII Is carried out in 1 or more Ci^-alkanol(s). 
particularly methanol, ethanol and/or isopropanol, and/or polar aprotic organic solvent(s), particularly acetonitrila 
[0020] One may also proceed by reacting 2-(chloro)-ben2aIdehyde of Formula V, the keto ester ethyl-4-[2'-(chloro)- 
ethoxyl-acetoacetate of Formula IV and the amino aotonate methyl-3-(amino)-CTOtonate of Formula VII without isolat- 
ing the benzylidene derivative ethyl-4-[2'.(chloro)-ethoxy]-2-[2"-(chloro)*enzylidene]-acetoaceta^^ of Formula VI until 
the reaction becomes conplete. As reaclton time advantageously from 1 5 to 20 hours or shorter are chosen. The reac- 
tion mixture can be worked up in a known manner, e.g. Iv cooling and filtration. 

[0021] The reaction of exchanging in the 3-[ethyO-5-[methyQ-2-[24chloro)-ethoxy-methyO-4-[2'HcWoro)-phenyI]-6- 
[methyi]-1,4<li-[hydro]-pyridine-3.Wi-Icarboxylate] of Formula VIII the chlorine for iodine to result in the 3-[ethyl]-5- 
[methyQ-2K2Xiodo)-ethaxyHmethyn-4^I2MchIoro)-ph oi For- 

mula IX is the "Rnkelslein reaction" known from the Pripr Art per se. This reaction is preferably carried out by reacting 
the 3-[ethyO-5-[methyi]-2-[2'-(chloro)-ethoxy-methyn-4-(2"-(chloro)i)henyO-6-[methyO-1.^ 
[carboxylate] of Formula VIII with 1 or more alkali iodide(s). particularly sodium iodide. According to the teaching of the 
Prior Art this reaction is carried out preferably in acetone in view of the solubility conditions. The process of the present 
invention may be performed in acetone but the use of 1 ore more alkanol(s) having a high boiling point, particularly iso- 
propanol, proved to be particularly advantageous. The reaction may be carried out under heating, preferably at the boil- 
ing point of the reaction mixture. The reaction time is chosen generally from 20 to 25 hours or shorter. The reaction 
mixture may be worked up in a known manner, e.g. by filtration after intensive cooling. Thia dhydropyridine derivative 3- 
[ethyl]-5-[methyl]-2-[2'-Oodo)-ethoxy-methyO-4-[2"-{chlora)-phenyO-6-[methyO 
late] of Formula IX is obtained with good yields. 

[0022] According to an alternative embodiment of this process of the present invention the chlorine-iodine exchange 
is carried out at the stage of the chloroethoxy acetoacetate ethyl-4-[2'-{chloro)-ethoxy]-acetoacetate of Formula IV. This 
reaction gives the iodo-acetoacetate ethyi-4-[2'-(iodo)-ethoxy]-acetoacetate of Formula XIK. The reaction is preferably 
carried out in acetone as medium at the boiling point of the reaction mixture. Furthermore preferably this chiorine-^io- 
dine exchange is earned out by reading the ethyI-4-[2*-{chloro)-ethoxyl-acetoacetate of Formula IV with 1 or more alkali 
iodide(s). particularly sodium iodide. The product may be purified by fractionated distillation. The reaction of the ethyl- 
4-[2'-(iodo)-ethoxy]-acetoacetate of Formula XIII tfius obtained with the 2-(chloro)-benzaklehyde of Formula V to yield 
the benzylidene derivative etiiyl-4-p*-(iodo)-ethoxy]-2-[2"-(chloro)-benzylklene]-acetoacetate of Formula XIV is advan- 
tageously earned out as deswibed in connection wHh the reaction of the ethyl-4-[2'-(chIoro)ethoxy]-acetoacetate of For- 
mula IV with the 2-(chloro)benzaWehyde of Formula V The reaction of the ethy!-4-I2Xiodo)-ethoxy]-2-[2*'-(chloro)- 
benzylidenej-acetoacetate of Formula XIV thus obtained with ttie methyi-3-(amino)-crotonate of Formula VII to yield the 
iodoetiioxy-dihydropyridine derivative 3-(ethyn-5-[methyi]-2-[2".0odo)retiioxy-methyG-4-[2"-(chloro)-phen 

1 .4- di-[hydro]-pyrkline-3,5-di-[carboxylate] of Formula IX is advantageously carried out in a manner analogous to the 
Hantzsch reaction of tfie ethyl-4-[2Hch!oro)-ethoxy]-2-[2"-(chloro)-benzylWene]-acetoacetate of Formula VI with the 
methyl-3-(amino)-crotonate of Formula VII. 

[0023] The reaction of the lodo derivative 3-[ethyl]-5-[methyO-2-[2'-{iodo)-ettioxymethyO-4-[2"-{chloro)-phenyl]-6- 
Imethyl]-1 .4-di-[hydrol-pyridine-3.5-di-[carboxylate] of Formula IX • this being more reactive than the chloroettioxy-dihy- 
dropyridine 3-[ethyn-5-[metiiyO-2-[2'-(chloro)-ettioxy-methyl]-4-[2*Xchioro)-phenyl]-S-[methyn-1,4-^^ 

3.5- di-[caiboxylate] of Formula VIII - with hexamettiylene tetramine (urotropine) of Formula X is tiie fonnation of a qua- 
ternary salt, namely 3-[ettiyO-5-[mettTyO-2^2Hyl)-ethoxy-mettiyO-4-[2Mchlw^^ 

ine-3.5-di-[carboxylate]-hexaminium iodide of Formula XI. According to the teaching of the Prior Art salts of such type 
are generally prepared in apolar-aprotic solvents. However, it has been found, that the said reaction of the process 
according to the invention may be carried out more advantageously by using 1 or more Ci.5-alkanol(s), e.g. rhethanol, 
ettianol and/or isopropanol. and/or acetonitrile as reaction medium. One may work particularly preferably in acetonitrile 
as medium. The reactants may be used in equimdar amount, but hexamethylene tetramine (urotropine) of Fbmiula X 
may also be used preferably in an excess of 10 to 15%. The reaction may be carried out advantageously at tempera- 
tures from room temperature to the boiling point of the solvent, preferably at 40 to 55*0, particularly 45 to 50«C. One 



# 
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may proceed by adding the reaction conponents simultaneously to the solvent or adding the iodo compound 3-[ethyl]- 
5-[methyl]-2-[2'-(iodo)-ethoxy-methyQ-4^2*'-(ch!oro)-pheny!]-6-[methyQ-1,4<^ of 
Formula IX to the solution of hexamethylene tetramlne. preferably in small portions. As reaction time advantageously 
20 to 50 hours, preferably 30 to 40 hoira, are chosen. The dihydropyridtne-urotropine quaternary salt 3-[ethyl]-5- 

5 [methyQ-2-[2'-(yi)-ethoxy-methyQ-4-t2Mchloro)-phenyl]-6-[methyl]-1.^ 

ium iodide of Formula XI precipitates as a solid and can be simply filtered off at room temperature. The crude product 
is of a purity suitable for the preparation of the end-product and no further purification is required. 
[0024] The reaction of the 3-[ethyO-5-[methyQ-2-[2*-(yO-ethoxy-methyQ-4-[2Mchloro)-phenyO-6-[methyO-1.4<JI 
[hydro]-pyridine-3,5-di-[carboxylate]-hexamlnium iodide of Formula XI with benzenesuHonic acid of Formula XII to yield 

10 3-IethyO-5-[methyO-2-[2Xaminoethoxy)-methyO-4-[2"-(chloro)i)henyO-6-[methyO 
ytate] benzenesulfbnic acid salt {amiodipine besytate} is a hydrolysis. 

[0025] Advantageously the hydrolysis of the 3-[ethyO-5-[methyO-2-[2Hyl)-ethoxy-methyl]-4-[2"-(chloro)-phenyIl-6- 
[methyq-1,4<li-[hydro]i)yridine-3,5-di-[carboxylate]-hexaminium iodide of Formula XI with benzenesulfbnic acid of For- 
mula XII is carried out in a mixture of water and 1 or more organic solvent(s). According to one alternative 1 or more 
IS water miscible organic solvent(s) is/are used as [an] organic solvent(s) for the hydrolysis of the 3-[ethyl]-5-[methy!]-2- 
[2'-(yl-ethoxy)-methyl]-4-[2'XchIoro)-phenyi]-6-[methyI]-1,4<Ji-[hydroI-pyridine-3,5<^ iodide 
of Formula XI with benzenesuHonic add of Fornrula XIL Preferably 1 or more straight or branched chained Cva-alka- 
nol(s). e.g. methanol, ethanol and/or isopropanol. is/are used as [a] water miscible 80lvent(s) for the hydrolysis of the 
3-[ethyO-5-[methyO-2-[2'-(yl-ethoxy)-methyO-4-[2"-(chloro)-phenyll-6^meth^ 
20 late]-h6xaminium iodide of Formula XI with benzenesulfbnic acid of Formula XII. 

[0026] According to another alternative 1 or more organic 80lvent(s) partially miscible or Immiscible with water is/are 
used as [an] organic solvent(s) for the hydrolysis of the 3-[ethyl]-5-[methiyl]-2-[2'-(yO-ethoxy-methyI]-4-[2--(ch!oro)-phe- 
nyl]-6-[methyl]-1,4<li-[hydro]-pyridine-3.5-di-[cartx3xylate]-hexam!nium iodide of Fomiula XI with benzenesulfonic acid 
of Formula XII. In this alternative preferably 1 or more C4.8-alkanol(s), particularly n4Dutanol, and/or ethyl acetate is/are 
25 used as [an] organic solvent(s) for the hydrolysis of the 3-[ethy!]-5-[metfTyl]-2-[2 -{yl)-ethoxy-methyO-4-[2"-(chIoro)-phe- 
nyl]-6-[methyl]-1,4-di-[hydro]-pyridine-3,5-di-[carbQxylate]-hexaminium iodide of Formula XI with benzenesulfbnic acid 
of Formula XII. The reaction may be candied out advantageously at temperatures from room temperature to the boiling 
point of ttie solvent; one may preferably work at tine boiling point of the reaction mixture. Preferably benzenesulfonic acid 
of Formula XII Is used In at least a 4 molar amount, related to 1 mole of the 3-[ettiyl]-5-[methyl]-2-[2*-(yl)-ethoxy-metiiyO- 
30 4-[2"-(chloro)i)henyl]-6-[methyn-1,4<li-[hydro]-pyridine-3,5<li-[cart)Oxy!ate]-hexa iodide of Formula XI. For 

practical reasons It is prefenred to use not wore than 10 molar equivalents of benzenesulfonic acid of Formula XII. 
According to a particularly preferred embodiment of the process the reaction is carried out by using about 5 molar 
equivalents of benzenesulfonic acid of Formula XII. The reaction mixture may be worked up in a manner known per se. 
[0027] The starting materials etiiylene chlorohydrine of Formula 111, 2-(chIoro)-benzaldehyde of Formula V, hexame- 
35 thylene tetramine of Formula X and benzenesulfonic acid of Formula Xtl are commercially available. The etiiyt-4- 
(bromo)-acetoac6tate of Formula II is a known compound and can be prepared e.g. according to US 3,786,082 and EP 
102,893. The methyl-3-(amino)-crotonate of Formula VII has been known as well (HU 202.474). 
[0028] The intermediates ethyl-4-[2'-(ch!oro)-ethoxy]-acetoacetate of Formula IV, etiiyl-4-[2 -(chloro)-ethoxy]-2-[2**- 
(chloro)-benzylidene]-acetoacetate of Fomiula VI, 3-[ethyl]-5-[mettTyl]-2-[2 -(chloro)-ethoxy)-metfiyO-4-[2"-(chloro)-phe- 
40 nyl]-6-[methyl]-1,4-di-[hydro]-pyridine-3.5-di-[carbQxylate] of Formula VIII. 3-[ethyl]-5-[methyl]-2-[2'-{lodo)-ethoxy)- 
methyl]-4-[2"-(chloro)-phenyO-6-[methyl]-1 ,4-di-[hydro]-pyridine-3.5-di-[carboxylate] of Formula IX. 3-[etiTyl]-5-[mettiyO- 
2-[2'-(yO-ethoxy-mettiyO-4-[2"-(chloro)i3henyO-6-[metiiyO-1,4<B-[hydro]i3yrW 

iodide of Formula XI, etiiyl-4-p'-Godo)-ettioxy]-acetoacetate of Formula XIII and ettiyl-4-[2'-(kxjo)-ethaxy]-2-[2:- 
(chloro)-benzylidene]-acetoacetate of Formula XIV are new conpounds, not disclosed in ttie Prior Art. 

45 [0029] Hence a further subject matter of the present invention are the new compounds etiTyl-4-[2'-(chloro)-ethoxy]- 
acetoacetate of Formula IV, ethyl-4-[2*-(chIoro}-ethoxy]-2-[2*'-(chloro)-benzylidene]-ac6toacetate of Formula VI. 3- 
[ethyl]-5-[methyl]-2-[2*-(chloro)-ethQxy)-mettTyl]-4^2"-(chIoro)-phenyO-6-[me^^ 
ylate] of Formula VIII, 3-[ethyO-5-[mettTyQ-2-[2*-(iodo)-ethaxy)-mettiyG-4-[2''-(chloro)-phenyO-6-[^ 
pyridine-3,5-di-[cartx)xylateJ of Formula IX, 3-[etiiyl]-5-[mettiyi]-2-[2*-(yO-ethoxy-mettiyi]-4-[2"-(chloro)-phenyl]-6- 

50 [methyl]-1 ,4-cli-[hydro]-pyridine-3,5-di-[cartx)xytate]-h6xaminium iodide of Formula XI, ethyt-4-[2'-(iodo)-ethoxy]-acetoa- 
cetate of Formula XMI and ettiy1-4-[2*-(iodo)-etiiQxy]-2*[2"-(chloro)-benzytidene]-acetoacetate of Fbrmula XIV which are 
valuable intermediates via which the end product 3-[ethyl]-5-[methyl]-2-[2*-(aminoethoxy)-mettiyO-4-[2"-{chloro)-phe- 
nyl]-6-[methyt]-1,4-dl-[hydro]-pyridine-3,5-di-[cartx>xylate] benzenesulfonic ackJ salt {amiodipine besytate] can be pre- 
pared by a process having originality in a superior way. 

55 [0030] These intermediates can be prepared by stopping the respective variants of the process according to ttie 
invention at the suitable stage. 

[0031] Compounds of the dihydropyridine dicartxixylate structure are mixed esters and contain an asymmetrical 
center. Such compounds may occur in the fomn of a pair of enantiomers, which can be separated by methods well- 
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known from the Prior Art. The present invention also enconpasses the preparation of the individual isomers (dexlro and 
laevo rotatory Isomers) and mixtures thereof (including racemic mixtures), namely of 3-[ethyl]-5-[methyl]-2-[2*-(ami- 
noethoxy)-methyO-442"-(chloro)-phenyO-6-methyO-1.4<li-[hydro]i3yridine-3.5<^^ benzenesulfonic acid 

salt {amlodipine besylate} of Formula I, 3-[ethyl]-5-[methyi]-2-[2*-(chloro)-ethoxy)-methyI]-4-[2"-(chloro)iDhenyl]-^ 
5 [methyG-1,4-<ji-[hydro]-pyridine-3.5-di-[carboxylate] of Formula VIII, 3-[ethyl]-5-[methyll-2-[2'-(iodo)-ethoxy)-methyl]-4- 
[2"-chloro)i)henyQ-6-imethyQ-1,4-di-[hydro]i)yridine-3.5<li4caitx)^ of Formula IX and 3-[ethyO-5-[methya-2-[2'- 
(yl-ethoxy)-methyl]-4-[2"-(chloro)-phenyl]-6-Imethyl]-1 ,4-dl-[hydro]-pyridine-3,5-di-[cartX)xyIate]-hexaminium iodide of 
Formula XI. 

[0032] Also the hydrolysis of the quaternary salt 3-[ethyI]-5-Imethyl]-2-[2'-(yl)-ethoxy-methy!]-4-[2"-(chloro)-phenyl]-6- 
10 [methyl]-1,4-di-[hydro]-pyridine-3.5-di-Icarboxyiatel-hexaminium Iodide off Formula XI vyrlth benzenesulfonic acid is a 
new process having originality. 

[0033] The main advantage of the present Invention is that the yields of the individual steps are high. Thus also the 
yield of the Hantzsch cyclisation step used In the process according to the invention is higher than that of the known 
cydisation reactions leading to amlodipine. A further advantage of the invention resides in the fact that there is no need 
75 to isolate the amlodipine base because the precipitated salt is directly formed In one step. The process is feasible on 
Industrial scale too. no special equipment being required. 

[0034] Further details of the present invention are to be fbund in the fbllowing Examples, 
gfflmple 1 

W Ethy1-4-[2'-(chloro)-ethoxy]-acetoacetate(IV) 

[0035] 10.38 g (0.25 mole) of a 57.8% by weight paraff ine only suspension of sodium hydride are added to 11 0 ml of 
tetrahydroffurane. The mixture Is cooled to a temperature off ffrom -10*>C to •20'*C whereupon at this temperature 1 0.08 

ss g (0.125 mole) of ethylene chlorohydrine (111) are added under nitrogen dropwise. The mixture is stin-ed for 20 minutes, 
whereupon at the same temperature a solution of 26.18 g (0.125 mole) of ethyl-4-(bromo)-acetoacetate (II) and 35 ml 
of tetrahydroffurane is added. The reaction mixture is stirred for 20 minutes, allowed to warm to room temperature, kept 
at this temperature for 6 hours, poured Into 270 nril of 1 N hydrochloric acid under cooling and extracted with dichloro 
methane. The organic layer Is dried and evaporated. The residual oil Is made free off parafflne by treatment with a mix- 

30 ture of acetonitrlle and benzene in a ratio by volume of 1 : 1 . The product Is distilled offf iQjfflOia- Thus 17.47 g off the 
desired compound are obtained, yield 67%. bp.: 1 1 0"C/2 Hg mm. 



35 


Elementary analysis: for the Formula C8H13CIO4 (208,41): 




calculated: 


C 46.05%. 


H6.28%.^ 


C1 16.99%: 




fbund: 


C 46.45%. 


H6.11%. 


a 16.52%. 




Ethyl-4-[2'-(iodo)-ethQxy]-acetoacetate (Xlll) 

45 [0036] To a solution off 19 g (91 millimoles) off ethyl-4-[2'-(chloro)-ethoxy]-acetoacetat6 (IV) and 380 ml off acetone 
134.4 g (910 millimoles) of sodium iodide are added. The reaction mixture is heated to boiling for 13 hours. The inor- 
ganic substance Is filtered offf and the ffiKrate is evaporated ia^s^ The residual oil is dissolved in dichloro methane, 
the solution Is washed with water, dried and evaporated. The crude product is subjected to fractionated distillation in 
vacuo. Bp.: 170''C/D.1 Hg mm. Thus 18.3 g off the desired product are obtained, yield 67%. 

so 



Elementary analysis: for the Formula 
C8H13IO4 (300.091): 


calculated: 
found: 


032.02%. 
031.86%. 


H4.37%; 
H4.3e%. 
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Example 3 

Ethyl-4-[2'-(chloro)-ethoxy]-2-I2"-(chloro)benzylidene]-acetoacetate(VI) 

5 [0037] 1 6.64 g (0.1 1 8 mole) of 2-(chloro)-benzaldehyde (V) and 24.7 g (0.1 18 mole) of ethyl-4-[2'-(chloro)-etho>qrl- 
acetoacetate (IV) are reacted in 365 ml of isopropanol in the presence of a piperidine acetate catalyst [10 g (1 1 .8 milli- 
moles) of piperidine + 0.7 g (11 .8 millimoles) of acetic add] at room temperature for 1 0 hours. The reaction mixture is 
evaporated, the residual oil is dissolved in dichloro methane, washed with water and dried. The organic phase is evap- 
orated in vacuo. Thus 37.9 g of the desired product are olJtained In the form of a yellow oil. yield 97%. 



Elementary analysis: for the Formula C15H16CI2O4 (331 .203): 


calculated: 
found: 


054.39%. 
053.69%. 


H4^7%. 
H5.03%, 


a 21 .41%: 
0120.98%. 



Example 4 

so 

EthyI-4-[2'-(iodo)-ethaKy]-2H2"-(chloro)-benrylidene]-acetoacetate(XIV) 

[0038] 10 g (33 millimoles) of ethyl-4-[2'-(iodo)-ethoxy]-acetoacetate pcill) and 4.64 g (33 millimoles) of 2-(chloro)- 
benzaldehyde (V) are reacted in 100 ml of isopropanol in the presence of a pperidine acetate catalyst [0.28 g (3.3 mil- 
26 limoles) of piperidine + 0.198 g (3.3 millimoles) of acetic add) at room temperature for 10 hours. The reaction mixture 
is evaporated, the residual oil dissolved in dichloro methane, washed wHh vrater and dried. The organic phase is evap- 
orated In vacuo. Thus 1 1 .55 0 of the desired product are obtained h the form of a reddish brown oil. yield 83%. 



Elemerttary analysis: for the Formula C15H16CIIO4 (422.643): 


calculated: 
found: 


C 42.63%. 
043.00%. 


H3.82%. 
H4.12%, 


018.39; 
018.13%. 



3-[EthyO-5-[methyq-2-P'-(chloro)-ethoxy-methyQ-4-I2"-(chloro)i)henyO-6-[methyl]-1.4^Ji-[^ 
AO boxylate](VIII) 

[0039] A mixture of 36 g (0.1087 mole) of ethyl-4-t2'-(chloro)-etho)cy]-2-[2"-(chloro)-benrylidene]-acetoacetate (VI) 
and 12.5 g (0.1087 mole) of methyl-3-(amino)-crotonate (VII) in 335 ml of isopropanol is reacted at the boHing point of 
the reaction mixture fbr 20 hours. The reaction mixture is cooled to a temperature of from O'C to -5»G and allowed to 
45 stand In a refrigerator ovemight. Next morning the precipitate Is filtered, washed successively with cold isopropanol and 
diisopropyl ether. The crude product may be recrystallized from diisopropyl ether or aqueous acetic acid, if necessary. 
Thus 21 .88 g of the desired product are obtained, yield 47%. mp.: 152 to 154-0. 



Bementary analysis: for the Formula C20H23OI2NO5 (428.32): 



calculated: 


056.08%. 


H5.41%, 


N3.27%. 


a 16.56%: 


found: 


0 56.10%. 


H5.42%. 


N3.37%. 


a 16.18%. 
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Example 6 

3-[Ethyl]-5^methyO-242Hiodo)-ethoxy-methyO-442'Schloro)^^^ 
late] (IX) 

r00401 A mixture of 16 g (37 millimoles) of 3-IethyG-5-Imethyl]-2-t2'-(chloro)-ethoxy-methyll-4-[2"-(chloro)-phenyl]-6- 
methvn-1 4-di-[hydrol-pyridine-3.5<fi -[cattoxylate] (VIII). 55.46 g (370 millimoles) of sodium iodide and 183 ml of iso- 
Drooariol is stirred under boiling fbr 20 hours. The reaction mixture is cooled to a temperature of from o»C to -5«C and 
stored in a refrigerator overnighi Next morning the precipitate is filtered off. and washed with cold isopropanol. The 
crude product is recrystallized from isopropanol. Thus 16.35 g of the desired compound are olrtained. yield 85%. mp.: 
152to154»C. 



IS 



Elementary analysis: fbr the Formula C20H23CIINO5 (519.76): 



calculated: 


C 46.22%. 


H4.46%. 


N 2.69%. 


CI 6.82%; 


found: 


045.92%, 


H4.45%. 


N2.73%, 


0 6.77%. 



25 



30 



[00411 A mixture of 1 1 g (26 millimoles) of ethyl-4-[2^Ciodo)-ethoxyl-2-[2"-(chloro)*efuylklenel^^^ (XIV), 
2 99 g (26 millimoles) of methyl-3-{amino)-crotonate (VII) and 110 ml of isopropanol is heated to boiling fbr 8 hours. The 
reaction mixture is evaporated, the residue crystallized from cold isopropanol. filtered and washed with cold isopropa- 
nol. The crude product is recrystallized from isopropanol. Thus 2.97 g of the desired compound are obtained, yield 
22%. mp.: 152 to 155*^0. 

Example? 

3.[EthyO-5-[methyO-2-I2'-(yO-ethoxy-methyO-4^2-K*^^ 
late]-hexaminium iodide (XI) 

10042] 1 77 g (12.7 millimoles) of hexamethylene tetrantine PQ are added to 15 ml of acetonitrile. The mixture is 
stirred at room temperature for 10 minutes, warmed to 45 to 50'C. whereupon 6.0 g (11,5 millimoles) of 3-[ethyl]-5- 
[methyn-2--[2'-Oodo)-ethoxy-methyO-4-[2Mchloro)iDhen (IX) 
are added in small portions within about 2 hours. The reaction mixture is stirred at this temperature for 40 hours, allowed 
to cool to room temperature, filtered and washed successively with acetonitrile and dichloro methane. Thus 6.83 g of 
the desired prtxluct are obtained in the fbmi of a whHe powder, yield 90%, nrp.: 177 to 179»C. 



45 



1: 



SO 



55 



Elementary analysis: for the Fbrmula 




C26H35CIIN^s(6S9.957): 




calculated: 


C 47.32% 


H3.3S%. 


N 10.61%; 


found: 


C 46.84%. 


H 5.42%. 


N 10.40%. 



